Pain is known to interrupt attention. This interruption is highly sensitive to the extent of involvement of both attentional control and the level of threat associated with the sensation. However, few studies have examined these factors together. This study aimed to examine the interruptive effect of pain on higherorder attentional tasks under conditions of low and high threat. Fifty participants completed an n-back task, an attentional switching task, and a divided attention task, once in pain and once without pain. Twenty-five participants were given standard task instructions (control condition), and the remainder were given additional verbal information designed to increase threat (threat condition). Pain interrupted participant performance on both the n-back and attentional switching task, but not on the divided attention task. The addition of the threat manipulation did not seem to significantly alter the effect of pain on these attentional tasks. However, independent of pain, threat did moderate performance on the divided attention task. These findings support the robustness of the effect of pain on performance on higher-order attention tasks. Future research is needed to examine what factors alter the cognitive interruption caused by pain. Ó
Introduction
There is a growing consensus surrounding the importance of attentional processes in pain [6, 15] . Pain functions to warn of potential danger and promote analgesic behaviour in oneself and from others. A reason for this interference effect is because attention has limits [11, 17, 26] . When competing demands are presented preferential selection occurs, and this is usually towards pain [33] .
Although studies demonstrate that task performance deteriorates under painful conditions [4, 7, 8] , such effects are not always found, and can depend on task-related factors [2, 35] . For example, when measuring attention span, Bingel et al. [2] found an effect of laser-induced pain on a more complex 2-back task, but not the 1-back task. To help explain this discrepancy, Legrain et al. [15] suggest that there is a range of influences, including top-down motivational characteristics (eg, avoidance of harm and threat value) as well as bottom-up characteristics of the stimulus (eg, intensity and novelty). Bottom-up factors are proposed to alert a person to the salience of pain and top-down factors to control pain. The question now turns to identifying under which conditions pain interference is more likely to occur.
One line of research has been to investigate whether there are certain tasks that are more or less susceptible to pain-related interference. Moore et al. [25] found that heat-induced pain affected performance on complex tasks such as divided attention, switching and attention span, but not on simpler tasks such as those involving continuous performance. One explanation is that these more complex tasks reflect a general attentional deficit. An alternative explanation is that tasks that require more complex, executive-like demand have the greatest interruption effect from pain. Indeed, Miyake et al. [22] suggested that executive function is made up of shifting/switching (eg, switching task), inhibition, and updating (eg, n-back task). These are exactly the higher-order cognitive functions implicated in attention to pain [8, 14] .
Although higher-order executive-like tasks seem to be vulnerable to pain interference effects, it is likely that other contextual factors may increase or decrease this vulnerability. For example, if a person finds themselves in a threatening situation then the presence of threat can increase susceptibility to pain interference [5, 14, 30, 31] . The threat of pain differs from the sensation of pain by adding psychological distress to nociception and can operate in the anticipation of pain as well as the presence of it. It is possible, therefore, that pain-related interference of executive-type tasks may be particularly pronounced under conditions of high threat. The aim of the current study was to examine whether situational threat moderates pain-related interference on executivelike cognitive tasks. We sought to address this question by using similar cognitively demanding tasks to those used previously [25] , and combining them with an experimental manipulation of
